Background and objectives Calcification of the mitral and aortic valves is common in dialysis patients (CKD-5D). However, the prognostic significance of valvular calcification (VC) in CKD is not well established.
Introduction
Calcification of the mitral and aortic valves is a frequent finding in dialysis patients (CKD-5D) with a prevalence four to five times higher than in the general population (1) . Despite the fact that valvular calcification is believed to share risk factors and pathogenic features in common with the more frequently detected vascular calcification (2) , data on the prognostic significance of valvular calcification in CKD-5D patients are limited and far from conclusive. Calcification of the cardiac valves has been associated with a poor prognosis in the general population (3) (4) (5) (6) (7) and in a prior publication in CKD-5D patients undergoing peritoneal dialysis (8) . However, in a series of patients undergoing hemodialysis (9) , the association of valvular calcification with mortality was no longer present after adjustment for confounders. Thus, whether valvular calcification provides useful prognostic information in CKD-5D patients remains to be fully elucidated.
To better understand the relationship between valvular calcification and all-cause mortality, we conducted a prospective cohort study of CKD-5D patients. Specifically, we assessed the association of mitral and aortic valve calcification, separately and together, with all-cause mortality. In addition, we tested the hypothesis that the combined presence of coronary and valvular calcification, an estimate of the total cardiovascular calcification burden, would be associated with mortality in CKD-5D patients.
Materials and Methods

Patient Selection
Between January 2004 and November 2005, prevalent adult hemodialysis patients were recruited from two dialysis centers (Denver, CO and New Orleans, LA). Patients were excluded if they were pregnant, lactating, or planning to become pregnant in the 6 months after entry into the study. A total of 148 patients were enrolled, and all of the imaging and biochemical studies described below were performed within a week of each other. For this analysis, four participants who did not undergo an echocardiogram were excluded, leaving a final sample size of 144 participants. We calculated the minimal detectable hazard ratio comparing individuals with versus without valve calcification using this sample size and the following assumptions: (1) two-tailed type I error of 5%; (2) an annual event rate of 15%; (3) a 1.5-year recruitment period; (4) 4.5 years of additional follow-up; and (5) 40% of the population having valve calcification. Under these assumptions, we would have 80% statistical power to detect a hazard ratio for all-cause mortality comparing individuals with versus without valve calcification of 1.98. The study protocol received institutional review board approval, and all participants provided written informed consent before enrollment into the study.
Data Collection
Using a structured questionnaire, self-reported information was collected on age, gender, race, and cigarette smoking. Medical chart reviews were conducted to determine a history of diabetes mellitus, hypertension, dyslipidemia, atherosclerotic cardiovascular disease (ASCVD), and dialysis vintage. History of ASCVD was a composite measure that included myocardial infarction, angina, and peripheral and cerebrovascular disease.
Procedures used to evaluate patients at study visits have been described in detail previously (10) . In brief, height and weight were measured, and body mass index was calculated as weight in kilograms divided by height in meters squared. BP was measured three times, after a 15-to 20-minute rest, using a manual aneroid sphygmomanometer with a 30-second rest between each measurement. Measurements were performed with participants in the supine position using the arm that did not contain an arteriovenous fistula or shunt. Pulse pressure was calculated as the difference between systolic and diastolic pressures. The mean of the three pulse pressures was used in these analyses.
Two-dimensional Echocardiography
All of the studies were performed utilizing a Sequoia 512 (Siemens, Erlangen, Germany) for patients in New Orleans and a Vivid 7 (General Electric, Milwaukee, WI) system for patients in Denver. The presence or absence of aortic and mitral valve calcification, separately, was determined visually and only qualitatively. All of the scans were analyzed independently by one experienced investigator (P.R.).
Electron-Beam Computed Tomography (EBCT)
All computed tomography (CT) procedures were performed on a C-150 scanner (GE-Imatron, South San Francisco, CA) with a 100-ms scanning time and a single-slice thickness of 3 mm. Details on the method have been published elsewhere (11) . Briefly, a total of 36 to 40 tomographic slices were obtained for each subject during a single breath-holding period from the level of the carina to the diaphragm. Tomographic slices were ECGgated and obtained at 60% to 80% of the R-wave to R-wave interval. Scans were considered of acceptable research quality only if the images were free from motion and from respiratory or arrhythmic artifacts. Coronary and cardiac valve calcification was quantified using the volume score as described previously (12) . All of the scans were analyzed independently by two experienced investigators (P.R. and A.B.).
Study Outcome
The primary outcome was all-cause mortality. Mortality was verified by searching the Social Security Death Index (http://ssdi.rootsweb.com/cgi-bin/ssdi.cgi) master file using patients' names and social security numbers. Searches were conducted for events occurring through July 2010.
Statistical Analyses
Characteristics of the study population were calculated overall and by the number of calcified valves detected by echocardiography. For continuous variables, means and SDs were calculated, and linear trend across the number of calcified valves was assessed via least squares. For categorical variables, proportions were calculated, and associations were assessed with chi-squared tests.
For mortality analyses, follow-up time was calculated as the number of days between a participant's study examination and date of death, or July 6, 2010 for those who remained alive. The median follow-up time was 5.6 years, and the maximum follow-up was 6.5 years. Cumulative mortality curves were calculated for echocardiographically detected mitral and aortic valve calcification, separately, using the Kaplan-Meier method. Differences in cumulative mortality were assessed using log-rank tests. Unadjusted mortality rates and hazard ratios, initially adjusted for age and age, race, and gender, were calculated by mitral valve calcification and aortic valve calcification and by number of calcified valves. Subsequent models included additional adjustment for diabetes mellitus, ASCVD, and pulse pressure. Also, mortality rates and hazard ratios for mortality were calculated by tertile of a combined calcificationvolume score (the sum of coronary artery, mitral valve, and aortic valve scores) measured on EBCT to estimate total cardiovascular calcification burden. All of the analyses were conducted in SAS version 9.1 (SAS Institute, Cary, NC).
Results
Characteristics of patients according to the number of calcified valves are shown in Table 1 . Patients with calcified valves were older and less likely to be African American. All other characteristics were similar between groups. EBCT and echocardiography showed an agreement of 74% and 64% for the detection of mitral and aortic valve calcification, respectively.
There were a total of 59 deaths over a median follow-up of 5.6 years (maximum follow-up, 6.5 years). Figures 1 and  2 show the Kaplan-Meier cumulative mortality curves for patients with and without calcification of the mitral valve and the aortic valve. Mortality for patients with valvular calcification was higher than for patients without calcification (log-rank test, P ϭ 0.01 for each comparison).
The presence of valvular calcification at either site (mitral or aortic valve) was associated with higher mortality rates ( There was a graded increase in the risk for all-cause mortality associated with having one or two calcified cardiac valves (Table 3) . Patients with two calcified valves had a two-fold increased HR for all-cause mortality during follow-up compared with patients without valvular calcification (HR, 2.16; 95% CI, 1.14 to 4.08). This association remained present after adjustment for age, gender, race, diabetes mellitus status, ASCVD, and pulse pressure (HR, 2.12; 95% CI, 1.12 to 4.01).
We further examined the association between a combined (continuous) score of coronary and valvular calcification measured on chest CT and all-cause mortality. As shown in Table 4 , the combined score was associated with all-cause mortality during follow-up independent of age, race, gender, diabetes mellitus, and ASCVD (HR for the comparison of highest versus lowest tertile of the combined score, 2.21; 95% CI, 1.08 to 4.54).
Discussion
In this prospective observational study, we showed that valvular calcification, assessed qualitatively on transthoracic echocardiography, was associated with all-cause mortality over 5 years of follow-up, independent of several risk factors. Furthermore, a quantitative valvular and coronary calcification score measured on chest CT imaging was also associated with all-cause mortality during follow-up. These data expand the currently limited literature on the prognostic importance of valvular calcification in hemodialysis patients. Indeed, a single publication on hemodialysis patients preceded this study but showed a lack of association of valvular calcification with outcome once the model was adjusted for confounding variables (9) . In another publication, mitral valve annulus calcification was associated with death from all causes, but the population was a combination of CKD-4 and CKD-5D patients including both peritoneal and hemodialysis (13) . Furthermore, the authors presented results showing the association after multivariable adjustment. Finally, Wang et al. (8) found an association between valvular calcification and cardiovascular, as well as all-cause mortality in peritoneal dialysis patients. Echocardiography is the gold standard for assessment of cardiac valve morphology and function; it is noninvasive and relatively inexpensive. Calcification of the cardiac valves is found in dialysis patients with a prevalence four to five times higher than in the general population (14 -16). Ribeiro et al. (14) reported prevalence of mitral and aortic calcification of 44.5% and 52% in CKD-5D patients compared with 10% and 4.3%, respectively, in subjects with normal renal function (P ϭ 0.02 and P ϭ 0.01). In the same study, mitral and aortic calcification were significantly associated with peripheral arterial calcification (P ϭ 0.009) and alterations of mineral metabolism (14) . A similar prevalence of valvular calcification in hemodialysis was reported in several later randomized trials (17) (18) (19) .
Although less frequent than vascular calcification, valvular calcification shares common risk factors and pathogenetic features (2, 20) . Although lipid and inflammatory cell infiltration of the aortic valve has been described in the general population with atherosclerotic disease (21), alterations of mineral metabolism have been involved in the development of valvular calcification in chronic kidney disease patients. The cell responsible for calcification of the (22) , as well as the more recent ADVANCE study (19) , valvular calcification progression was slowed by interventions that altered the metabolism of calcium, phosphorus, and parathyroid hormone in patients undergoing hemodialysis.
In the publication by Wang et al. (8) involving peritonealdialysis patients, all-cause and cardiovascular mortality did not differ significantly between patients with valvular calcification and those with a history of atherosclerotic vascular disease, reinforcing the hypothesis that valvular calcification represents a marker of systemic cardiovascular disease. In another publication, the same group showed an interaction between serum fetuin-A levels, malnutrition, inflammation, atherosclerosis, and valvular calcification in influencing adverse outcomes in 238 peritoneal dialysis patients (23) . Valvular calcification has also been associated with other markers of atherosclerosis such as carotid intima-media thickness (24) .
This study corroborates the notion that valvular calcification is a marker of systemic cardiovascular disease and a marker of increased mortality risk in CKD-5D patients. Valvular calcification progression was attenuated with the use of statins in the general population (25) and with sevelamer and cinacalcet treatment in CKD-5D patients (19, 22) . Whether slowing of progression will result in an overall risk reduction in these patients remains to be demonstrated.
This study should be interpreted in the context of a few potential limitations. The study was limited to hemodialysis patients seen at two high-volume centers, and the results should be confirmed in other cohorts. Echocardiograms were performed at a single time point, and some patients may have developed valvular calcification during follow-up. However, such misclassification most likely means that the true association between valvular calcification and mortality is stronger than we reported. We did not have information on the specific cause of death. As such, we were unable to assess the association of valvular calcification with cardiovascular mortality. The sample size for this study was relatively small. Although several of the hazard ratios we reported were large, the confidence intervals around these estimates were wide. With a more precise estimate, aortic valve calcification may indeed reveal a statistical association with mortality. Future studies attempting to address the relationship between valvular calcification and all-cause mortality should recruit larger sample sizes. The strengths of this study include the dual assessment (qualitative by echocardiography and quantitative by CT) of valvular calcification, the long follow-up of patients, and the careful adjustment of our prediction models for relevant variables.
In summary, the presence and extent of valvular calcification are associated with an increased risk of all-cause mortality in maintenance hemodialysis patients. These findings further support the use of a simple and noninvasive, nonradiologic test such as echocardiography for risk stratification of dialysis patients, as recently suggested in the international guidelines on mineral metabolism issued by the Kidney Disease Improving Global Outcomes panel of experts (26) .
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